Introduction
============

Hepatic perivascular epithelioid cell neoplasm (PEComa) is a rare mesenchyme-derived neoplasm that is primarily composed of histologically distinctive perivascular epithelioid cells (PECs), which share the expression of the monoclonal antibody, HMB-45, smooth muscle cell markers and/or the melanocytic differentiation marker, Melan-A ([@b1-mco-0-0-1168]). In the majority of hepatic PEComas, adipocytes may also be found intermixing with PECs in varying proportions ([@b2-mco-0-0-1168]). Larger tumors may have necrosis, or be associated with hemorrhage. The imaging presentation of hepatic PEComa is highly variable, and often leads to misdiagnosis as hepatocellular carcinoma (HCC), hepatic hemangioma, or other liver tumors ([@b3-mco-0-0-1168]--[@b5-mco-0-0-1168]). The clinical and histological characteristics of PEComa have yet to be fully documented.

In the present study, the clinical data of 7 patients with hepatic PEComa admitted to the Sun Yat-Sen Memorial Hospital were retrospectively analyzed. To optimize the diagnosis and treatment of the disease, a systemic analysis was performed, highlighting the clinical, imaging and pathological characteristics.

Materials and methods
=====================

### Patients and tissue specimens

Specimens from a total of 7 patients with hepatic PEComa were collected at the Sun Yat-Sen Memorial Hospital, Sun Yat-Sen University (Guangzhou, China) between January 2004 and December 2015. The samples were obtained from surgery or biopsy, with the patients\' informed consent, and were histologically confirmed. All tissue samples were derived from untreated patients, fixed with formalin and embedded in paraffin.

### Hepatic imaging

All patients were evaluated with imaging. A total of 4 patients underwent a computed tomography (CT) scan and contrast-enhanced CT. The other 3 patients were examined with magnetic resonance imaging (MRI), and 4 patients underwent additional ultrasonography. Manifestation of the following abnormalities was recorded: Morphology of the lesion, blood vessel invasion, blood vessel displacement, bile duct invasion, cholangiectasis and lymphadenectasis.

### Statistical analysis

Statistical analysis was performed using SPSS version 19.0 software (SPSS, Inc., Chicago, IL, USA). Continuous variables were compared using analysis of variance, and were expressed as the mean ± standard deviation.

Results
=======

### Clinical data

The median age of the 7 patients with hepatic PEComa was 43 years old (range, 32--57 years), including 6 females (85.7%) and 1 male (14.3%). A total of 4 patients (57.1%) were asymptomatic, and the lesions were detected incidentally during routine health check-ups. Two patients presented with abdominal discomfort (28.6%). In the 7th patient (14.3%), who was suffering from turberculous lymphadenitis, the initial symptoms were emaciation and lymphadenectasis. All the patients denied having had a history of viral hepatitis or drinking, with the exception of the male patient. He had a 10-year history of alcohol abuse ([Table I](#tI-mco-0-0-1168){ref-type="table"}). Laboratory examinations revealed normal liver function, with the exception of the male with a history of alcohol abuse, who had a moderately elevated level of alanine transaminase. Levels of the tumor markers \[α-fetoprotein (AFP), carcinoembryonic antigen (CEA) and cancer antigen 19--9 (CA19-9)\] were within the normal range. One patient was identified as being positive for hepatitis E virus immunoglobulin M (HEV-IgM; [Table II](#tII-mco-0-0-1168){ref-type="table"}).

A total 6 out of the 7 patients had one lesion (85.7%); the remaining patient had two lesions (14.3%). The tumors originated from the right liver lobe in 3 patients (42.9%) from the left lobe in 3 patients (42.9%), and from the caudate lobe in 1 patient (14.3%). With respect to tumor size, 3 patients (42.9%) had a maximum diameter of the lesion of \<3 cm, and 4 patients (57.1%) had tumor sizes of between 3 and 5 cm.

### Imaging characteristics

A total of 4 patients underwent CT (57.1%); the other 3 patients were subjected to MRI (42.9%), and for 4 of the patients (57.1%), additional ultrasonography was performed. Generally speaking, all images demonstrated that the lesions were of an ovoid shape with well-demarcated margins, with the exception of one case subject, who exhibited no clear boundary. No blood vessel or bile duct invasion was detected; neither was any metastasis or infiltration of adjacent organs observed.

Concerning the 4 patients examined with ultrasound, 3 patients appeared with a hyperechoic mass (75%) and 1 patient exhibited a hypoechoic mass (25%). In the 4 CT images, during the scanning period, low dense (75%) or isodense (25%) lesions were observed. Through the enhanced scanning, it was revealed that the lesion became intensely enhanced in 3 patients (75%), with no clear enhancement observed in 1 case (25%; [Fig. 1](#f1-mco-0-0-1168){ref-type="fig"}). The images of portal and delay phase were variable. In the MRI examination, the 3 cases all exhibited a slightly hypointense signal on the T1 weighted image (T1WI), and slight hyperintensity on the T2WI signal (100%). However, the enhanced images were variable ([Tables III](#tIII-mco-0-0-1168){ref-type="table"} and [IV](#tIV-mco-0-0-1168){ref-type="table"}). Collectively, the correct diagnosis rate was only 25% within the group of patients who underwent a CT examination, and the use of ultrasonography or MRI failed to contribute to the correct diagnosis for any of the patients examined by these techniques. These cases predominantly had been mistaken as HCC or hepatic hemangioma.

### Pathological features

A total of 6 patients underwent partial hepatectomy. Generally speaking, soft or firm, well-circumscribed nodular masses with a yellow, yellow-tan, gray-red or tan appearance were observed ([Fig. 2](#f2-mco-0-0-1168){ref-type="fig"}). One of our cases presented a cyst inside the lesion. Microscopically, epithelioid or spindle-shaped cells were identified. Adipocytes were identified in 5 specimens (83.3%; [Fig. 3A-C](#f3-mco-0-0-1168){ref-type="fig"}). Fine needle aspiration biopsy (FNAB) was performed for 2 patients. Microscopy revealed epithelioid cells with pale, clear, eosinophilic cytoplasm or foamy cytoplasm. The nuclei were round to oval with small nucleoli, and inclusions were observed in a few of the cells ([Fig. 3D](#f3-mco-0-0-1168){ref-type="fig"}). Mitotic figures were rarely identified. Finally, markedly positive staining for HMB-45, Melan-A and SMA was observed in all patients ([Fig. 4](#f4-mco-0-0-1168){ref-type="fig"}).

### Treatment and prognosis

A total of 6 patients received surgical treatments, including laparotomic and laparoscopic partial hepatectomy. One patient received tumor arterial embolization (TAE) and percutaneous microwave coagulation therapy (PMCT). None of the patients had received chemotherapy or radiation therapy prior to or following the tumor resection. No patient suffered from postoperative complications or died during the perioperative period. After a follow-up period of 12--20 months, no recurrence occurred.

Discussion
==========

PEComas are predominantly diagnosed in the kidney, and cases of sporadic hepatic PEComa have been reported worldwide. The majority of cases of hepatic PEComa are found asymptomatically, and have normal serological test results ([@b6-mco-0-0-1168]), which makes it difficult to diagnose the disease. It has been reported that hepatic PEComas predominantly affect women aged 30--50 years old ([@b5-mco-0-0-1168]), which is in accordance with our cases. Certain case studies have reported hepatic PEComa presented as acute or chronic abdominal pain ([@b7-mco-0-0-1168],[@b8-mco-0-0-1168]), and 2 patients among our case subjects revealed abdominal pain. However, the majority of them routinely lack specific clinical symptoms and serological abnormalities. Hepatic PEComa may occur as a solitary mass or as multiple lesions, and a higher frequency of multiple masses have been suggested to be associated with tuberous sclerosis ([@b9-mco-0-0-1168]).

Clinically, a preoperative diagnosis of a hepatic lesion is primarily dependent on imaging examinations. Due to the highly variable histological composition of hepatic PEComa, these tumors often do not possess typical imaging characteristics. On ultrasonography, hepatic PEComa presents as any echogenicity. Early influx into the tumor and rapid drainage of arterial blood to veins, as determined on performing contrast-enhanced ultrasonography, may be a feature of PEComa ([@b10-mco-0-0-1168]). As mentioned above, adipocytes may be identified intermixing with PECs in varying proportions. Thus, MRI is preferable compared with CT for detecting fat, which appears with a high signal intensity ([@b11-mco-0-0-1168]). However, it is also difficult to make a diagnosis when the tumors contain a much lower fatty content.

How to make a correct preoperative diagnosis is a topic worthy of investigation. FNAB has been considered to be mandatory for the majority of patients, and histological diagnosis is based on the identification of the different components. Microscopically, epithelioid cells, spindled cells and adipocytes may be identified, which prompt pathologists to take hepatic PEComa into account. Typically, PECs radially arrange around the vascular lumen. They exhibit small, centrally placed, normochromatic, round-to-oval nuclei with small nucleoli, although striking hyperchromasia and nuclear irregularity may be present ([@b1-mco-0-0-1168]). As noted above, adipocytes may also be identified intermixing with PECs in varying proportions. The PECs are characterized by positivity with melanocytic markers and muscle markers ([@b12-mco-0-0-1168]). The most noteworthy immunological markers include HMB-45, Melan-A and SMA, and negativity for multiple markers, including cytokeratin, CD117, AFP, hepatocytes and chromogranin, confirmed the diagnosis ([@b13-mco-0-0-1168]).

Due to the rarity of the disease, there are clear difficulties associated with performing a therapeutic trial, and the management of hepatic PEComa remains controversial. The overwhelming majority of reported PEComas reveal a benign pattern. However, there are certain cases that imply invasive growth, with distant metastasis or recurrences ([@b14-mco-0-0-1168]--[@b16-mco-0-0-1168]). There is not yet a uniform standard for evaluating the malignant degree of hepatic PEComa. The majority of the reported patients received surgical resection soon after the identification of the tumors, since most of the tumors were preoperatively misdiagnosed as HCC or hepatic metastasis. Postoperative complications or recurrence are rarely reported. In the present study, 6 patients received surgical treatments, including laparotomic and laparoscopic partial hepatectomy. One patient received TAE and PMCT. None of the patients suffered from postoperative complications or recurrence in the present study. Due to its benign tendency, several researchers have suggested that, when hepatic PEComa is suspected, a fine-needle aspiration combined with HMB-45 staining should be performed in all asymptomatic patients with a lesion \<5 cm and without serological abnormalities ([@b17-mco-0-0-1168]). If the diagnosis is confirmed by FNAB and the pathomorphology indicates a benign pattern, careful observation with serial imaging follow-up is recommended ([@b17-mco-0-0-1168],[@b18-mco-0-0-1168]). For a lesion \>5 cm, in cases of progressive enlargement, if the patient has clinical symptoms, or if the FNAB indicates a malignant tendency, a more aggressive approach should be undertaken. Due to the rarity of reports, the exact effects of these therapies have yet to be elucidated. As the majority of previous studies and the present study have shown, patients who undergo surgical resection may expect a good outcome, and therefore surgical resection remains the recommended choice for hepatic PEComa therapy.
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![Imaging characteristics of hepatic PEComa. (A) Computed tomography scan, revealing that the lesion is a low-density mass (denoted by the black arrow). (B) Contrast-enhanced CT, revealing a non-homogeneously enhanced lesion during the arterial phase (black arrow). (C) Contrast-enhanced CT shows the curve feeding artery of the lesion during the arterial phase (white arrow). (D) Contrast-enhanced CT shows the lesion enhanced slightly lower than liver parenchyma during portal phase. CT, computed tomography; PEComa, perivascular epithelioid cell neoplasm.](mco-06-04-0487-g00){#f1-mco-0-0-1168}

![Tumor resection. (A) Resection specimen of Case 5 obtained by partial hepatectomy. (B) The cut surface shows a spherical, well demarcated tumor consisting of yellowish-pink tissue. The lesion is situated within the liver substance, and is not associated with hepatic ligaments.](mco-06-04-0487-g01){#f2-mco-0-0-1168}

![Pathological features of hepatic PEComa. (A) A characteristically thick-walled artery is shown, surrounded by epithelioid cells. (B) The spindled cells and round cells, with a larger size and clear cytoplasm, are shown. (C) Adipocytes intermixed with epithelioid cells. (D) Microscopic findings revealed an abundance of epithelioid cells on FNAB biopsy. All representative images are shown stained with hematoxylin and eosin; magnification, x200.](mco-06-04-0487-g02){#f3-mco-0-0-1168}

![Immunohistochemical analysis. The majority of the tumor cells were markedly immunoreactive for (A) HMB45, (B) Melan-A and (C) smooth muscle α-actin. x200.](mco-06-04-0487-g03){#f4-mco-0-0-1168}

###### 

Clinical features of the 7 patients with hepatic PEComa.

                                                       Clinical features   Personal history and anamnesis                   
  --- ---- --- -------------- --- -------------------- ------------------- -------------------------------- --- --- --- --- --------------------------------------------------------------------
  1   44   F   Right lobe     2   2.95×2.59, 0.8×0.8   √                   N                                N   N   N   N   N
  2   48   F   Left lobe      1   3.5×3.5×5            N                   N                                N   N   N   N   N
  3   32   F   Right lobe     1   2.4×1.9              N                   N                                N   N   N   N   N
  4   42   F   Right lobe     1   1.7×1.7              √                   N                                N   N   N   N   N
  5   37   F   Left lobe      1   5×3.2×3              N                   N                                √   √   √   N   Tuberculous lymphadenitis, pulmonary tuberculosis, epidermoid cyst
  6   43   M   Left lobe      1   4×2.5×3              N                   N                                N   N   N   N   N
  7   57   F   Caudate lobe   1   5×5x4.8              N                   N                                N   N   N   N   N

F, female; M, male; N, no; √, yes.

###### 

Demographic characteristics of the 7 patients with hepatic PEComa^[a](#tfn2-mco-0-0-1168){ref-type="table-fn"}^.

  Characteristic                 Value (mean ± SD)
  ------------------------------ -------------------
  Total no. of participants      7
  Age, y                         43.29±7.95
  Gender, female, %              6 (85.7%)
  TBIL, µmol/l                   11.40±4.47
  DBIL, µmol/l                   3.09±1.68
  Albumin, g/l                   44.67±4.51
  Hemoglobin, g/l                128.14±4.98
  ALT, U/l                       18.86±15.26
  AST, U/l                       19.57±6.19
  AFP, µg/l                      3.06±2.03
  CEA, µg/l                      1.24±0.30
  CA19-9, U/ml                   13.14±7.99
  Viral hepatitis, positive, %   1 (14.28%)

Data are presented as the mean ± SD or n (%). SD, standard deviation; TBIL, total bilirubin; DBIL, direct bilirubin; ALT, alanine transaminase; AST, aspartate transaminase; AFP, α-fetoprotein; CEA, carcinoembryonic antigen; CA19-9, cancer antigen 19-9.

###### 

Imaging characteristics of the 7 patients with hepatic PEComa.

      Ultrasonography        CT                MRI                                                                                                                                                                                                                                                                       
  --- ---------------------- ----------------- ------------- --------------------------------------- ---------------------------------------------- -------------------------------------- ------------------- ---------------------- ----------------------- ---------------------- ----------------------------------- -----------------------
  1   Hyperechoic            Hemangioma        Low density   No clear enhancement                    No clear enhancement                           No clear enhancement                   AML, hepatic cyst   Not done               Not done                Not done               Not done                            Not done
  2   Hyperechoic            Hemangioma, HCC   Not done      Not done                                Not done                                       Not done                               Not done            Not done               Not done                Not done               Not done                            Not done
  3   Not done               Not done          Not done      Not done                                Not done                                       Not done                               Not done            Slightly hypointense   Slightly hyperintense   Restricted diffusion   Intensely enhanced in delay phase   HCC, atypical adenoma
  4   Slightly hyperechoic   Undetermined      Not done      Not done                                Not done                                       Not done                               Not done            Slightly hypointense   Slightly hyperintense   Not done               Peri- pherally enhanced             Metastasis tumor
  5   Not done               Not done          Isodense      Intensely enhanced                      Slightly lower than liver parenchyma           Slightly lower than liver parenchyma   HCC                 Hypointense            Slightly hyperintense   Not done               Lower than the liver parenchyma     HCC
  6   Hypoechoic             Hemangioma        Low density   Intensely enhanced                      Persistently enhanced, peripherally enhanced   Slightly low density                   Hemangioma          Not done               Not done                Not done               Not done                            Not done
  7   Not done               Not done          Low density   Hetero- geneously, intensely enhanced   Lower than the liver parenchyma                Lower than the liver parenchyma        HCC                 Not done               Not done                Not done               Not done                            Not done

PEComa, perivascular epithelioid cell neoplasm; HCC, hepatocellular carcinoma; AML, angiomyolipoma; CT, computed tomography; MRI, magnetic resonance imaging; T1WI, T1 weighed imaging; T2WI, T2 weighted imaging; DWI, diffusion weighted imaging.

###### 

Morphology and invasive signs of the lesions in the 7 patients with hepatic PEComa.

      Morphology   Blood vessel and bile duct                                     
  --- ------------ ---------------------------- --- --------------------- --- --- ---
  1   Oval         Clear                        N   N                     N   N   N
  2   Oval         Clear                        N   N                     N   N   N
  3   Oval         Clear                        N     Right portal vein   N   N   N
  4   Oval         Unclear                      N   N                     N   N   N
  5   Oval         Clear                        N   N                     N   N   √
  6   Oval         Clear                        N   N                     N   N   N
  7   Oval         Clear                        N   Inferior vena cava    N   N   N

N, not found; PEComa, perivascular epithelioid cell neoplasm.
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